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(54) DEVICE FOR PURIFYING AUTOMOBILE EXHAUST GAS 

(57)Abstract 

PURPOSE: To remove three components in the exhaust gas without performing A/F 
feed back control. 

CONSTITUTION: An engine 2 is provided with an carburetor 20 and a fuel adjusted in 
A/F is fed to it A catalyst 22 is provided in an exhaust port of the engine 2 at a 
position under the engine 2. The A/F feed back control is not performed by a signal of 
an oxygen sensor. The catalyst on which noble metal such as Pd is deposited on 
perovskite type complex oxide as the catalyst 22 or it is introduced into a lattice of a 
perovskite type complex oxide crystal, is used as the catalyst 22. 
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DLAIMS 

iClaim(s)] 

[Claim 1] The automobile exhaust purge which is the engine equipped with the carburetor or the short form fuel injection equipment is 
an exhaust gas purge used for the engine which does not perform feed back control of air-fuel ratio by the signal of the oxygen sensor 
Df an engine exhaust port, and is characterized by preparing the catalyst which supported noble metals to the perovskite mold multiple 
Dxide, or was incorporated in the perovskite mold multiple oxide crystal lattice as a catalyst for emission gas purification in an engine 
sxhaust port. 

[Claim 2] The location in which the catalyst is prepared is an automobile exhaust purge according to claim 1 which it is directly under 
an engine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[industrial Application] This invention relates to the automobile exhaust purge excellent in the clarification capacity of a carbon 
monoxide (CO), a hydrocarbon (THC), and nitrogen oxide (NOx). 

[Description of the Prior Art] As a three way component catalyst for emission gas purification, the precious metal catalyst which 
supported noble metals, such as Pt Rh, and Pd, is put in practical use by alumina support, and it is widely used for rt To be shown in 
drawing 1 , an automobile exhaust purge forms an oxygen sensor 4 in the exhaust port of an engine 2, detects the oxygen density of 
exhaust gas calculates A/F (air-fuel ratio) by computer (ECU) 6 based on the detecting signal, and it is controlling the electronic 
formula fuel injection equipment (EFI) 8 which injects a fuel in an engine 2 so that A/F goes into the predetermined range. 
[0003] after performing the durability test of 60 hours to drawing 2 and drawing 3 at 950 degrees C among the engine exhaust gas set 
as theoretical air fuel ratio (A/F=14.6) in the sample, the activity of the various catalysts which measured the sample on SV(space 
velocity) =70000-/o'clock of conditions with **** omission and a model gas testing machine in test piece size (the diameter of 30mm 
and height are 25mm - cylindrical) is shown. (A) The chart on the left of each drawing of - (C) shows the rate of clanfication to the 
temperature in theoretical air fuel ratio, and rightrhand side drawing shows the rate of clarification to A/F when setting the gas 
temperature included in a catalyst as 400 degrees C, and measuring it The catalyst (example 3) wh.ch supported Pd to the perovskite 
mold multiple oxide which is one example which explains (A) of each drawing later, and (B) adjust the conventional catalyst (the 
example b of a comparison) which supported Pd to the alumina, and (C) to the conventional catalyst (the example a of a comparison) 
and this conventional specification which supported Pt and Rh to the alumina. 

[0004] Drawing 2 is the case where fluctuation by each A/F is **0.5 A/F, and the range of A/F (60% wmdow) where each rate of 
clarification of CO, THC, and NOx can secure 60% or more exists also in the conventional catalyst of (B) and (C). on the other hand 
drawing 3 — every — it is the case where fluctuation by A/F is **2.0 A/F. and is shown in (B) and (C) — as — the catalyst of ****** 
_ every - if fluctuation by A/F becomes large also at **2.0 A/F. the rate of clarification of CO will fall and 60% wmdow which can 
purify three components 60% or more simultaneously will be lost Therefore, he is trying for the conventional purge to come by 
performing A/F feedback control as shown in drawing 1 in 60% window where fluctuation of A/F does not exceed **0.5, and A/F is 

shown by drawing 2 (B) and (C). ... . . iL . i 

[0005] Moreover, directly under an engine, as for the exhaust gas from an engine. A/F is sharply changed by the engine cycle. 
Therefore, in order to suppress A/F fluctuation in the location of a catalyst like before, a catalyst must be installed in the location 
detached distantly [ engine ] so that the A/F fluctuation for every engine cylinder can be eased, and it is attached in the car body 
lower part generally called an under floor. On the other hand, lowering of exhaust gas temperature reduces catalytic activity, for 
example every - the case where fluctuation by A/F is **0.5 A/F - 200 degrees C or less - almost - catalytic activity - being 
lost - every - when fluctuation by A/F becomes large also at **2.0 A/F, it is 350-400 degrees C or less and stops already showing 
catalytic activity with the conventional catalyst as shown in the chart on the left of drawing 3 (B) and (C) Since it will get cold by the 
time the exhaust gas from an engine reaches a cataVst if it installs in the location which detached the catalyst distantly [ engine ] on 
the conditions that exhaust gas temperature, such as the time of engine start up. is low. a catalyst serves as inactive and the problem 
by which exhaust gas is not purified arises. Therefore, the cure of using the exhaust pipe from an engine to a catalyst as a double pipe, 
and keeping it warm is also taken. , . . 

[0006] Utilization is expected as a cheap three way component catalyst for emission gas purification with which the catalyst which 
made noble metals live together as a catalyst in the perovskite mold multiple oxide which consists of a rare earth metal an alkaline 
earth metal, and transition metals purifies CO, HC. and NOx (refer to JP.59-87046.A. JP.60-821 38.A. and JP.1-168343.A) The exhausl 
gas purge equipped with A/F feedback control as the exhaust gas purge which this catalyst is used instead of the conventional catalys 
which made the alumina support noble metals, and uses this catalyst indicated to be to drawing 1 is planned. 

[Froblem(s) to be Solved by the Invention] If A/F feedback control as shown in drawing 1 is performed, an oxygen sensor and 
expensive components, such as ECU and EFI, will be needed, and it will become cost high so much. Moreover, since it will get cold by 
the time the exhaust gas from an engine reaches a catalyst if it installs in the location which detached the catalyst distantly L engine 
in order to operate a catalyst also especially at the time of engine start up, when not enough, the cure of heating a catalyst is also stil 
needed [ use the exhaust pipe from an engine to a catalyst as a double pipe, and it is made to keep it warm, or 1 Even if this inventor 
does not perform A/F feedback control using an oxygen sensor and expensive components, such as ECU and EFI. it also aims using a 
carburetor (carburetor) and a short form fuel injection equipment at offering the purge with which exhaust gas is purified. 

[0008] . 

• *— o-i D~m« m 1 Tho ovhai ict Ms nurse of this invention is applied to the engine which does not perform feed back 



dntrol of air~fuel ratio by the signal of the oxygen sensor of an engine exhaust port And the catalyst Wh.ch supports noo.e mews to 
he perovskite mold multiple oxide, or was incorporated in the perovskite mold multiple oxide crystal lattice as a catalyst for emission 
as purification is used. Since it is stopped that directly under [ engine ], then exhaust gas are cooled in the location in which the 
•atalyst is prepared, a means to keep exhaust gas warm, and a means to heat a catalyst become unnecessary, a catalyst works from 
rom immediately after putting an engine into operation between the colds, and it is advantageous for emission gas purification. 
0009] The catalyst used by this invention is BO(AI-xAx) 3 (among a formula at least one sort of A of La. Nd and the Pr). A At least 
,ne sort in Ce. Mg, calcium, Sr, Ba, and Y, B - Co, Mn, Fe, nickel. Cr. Cu. and Zn - inner at least one sort 0< x<1 - rt is - a noble- 
netals element is built into the crystal lattice of B site of the thing which supported at least one sort in the noble-tnetals element 
vhich becomes the perovskite mold multiple oxide shown from Ru. Rh. Pd. Os. Ir. and Pt or a perovskite mold multiple ox.de. The 
manufacture approach of such a perovskite mold multiple oxide is indicated by the above-mentioned bibliography and is i learned well. 
0010] The catalyst used by this invention can include further Ce and Zr. the heat-resistant oxide with wh.ch at least the part serves 
as a multiple oxide and/, or the solid solution including rare earth metals other than Ce further, or the heat-resistant oxide wh.ch 
consists of Ce in order to raise thermal resistance to the component which supported noble metals to the perovskite mold multiple 
oxide, or was incorporated in the perovskite mold multiple oxide crystal lattice. As for the multiple oxide expressed with a general 
Formula (CeZrM) 02 (a rare earth metal or alkaline earth metal excluding [ M ] Ce), as such a heat-resistant ox.de. O ICeSiW, O 
CCeZrY)2 0 (CeZrLa)2, 0 (CeZrNd)2, 0 (CeZrBa)2, etc. besides Ce02 and 0 (CeZr)2 are desirable. Moreover, since the direction of 
CeOO(CeSi) 2 [O(CeZr) 2 ] is excellent in the effectiveness of maintaining hot clarification activity and 02 and O(CeZrBa) 2 excel two 
in the effectiveness of maintaining hot clarification activity, further (CeZrY), it is more desirable. 

[Function] Drawing 2 (A) and drawing 3 (A) show the catalytic activity after a durability test of the catalyst which supported palladium 
as noble metals to a perovskite mold multiple oxide. There are not the conventional catalyst 60% window where three components in 
case the A/F range of fluctuation is **0.5 A/F are purified 60% or more is indicated to be to drawing 2 (B) and I (C). and a big drfference. 
When the A/F range of fluctuation becomes **2.0 A/F, with the catalyst of this invention, 60% window differs from the conventional 
catalyst the point which is still larger is indicated to be to drawing 3 (B) and (C) notably. Therefore, three components can be purified, 
even if it performs A/F feedback control and does not stop the A/F range of fluctuation. Moreover, since the A/F range of fluctuation 
may be large, even if it can install a catalyst directly under [ which is easy to receive A/F fluctuation ] an engine, and does not keep an 
exhaust pipe warm on the conditions that exhaust gas temperature, such as the time of engine start up, is low, either or does not heat 
a catalyst predetermined gas cleanup effectiveness can be acquired. 

[Example] Drawing 4 shows the engine with which this invention is applied. The fuel with which the carburetor 20 was formed in the 
engine 2. and A/F was adjusted is supplied. In the exhaust port of an engine 2, the catalyst 22 is formed in the locaton [ directly 
under ] of an engine 2. Although the oxygen sensor 4 is formed in the upstream of a catalyst 22 by a diagram, an oxygen sensor 4 is for 
setting up the exhaust gas conditions for a test and its oxygen sensor 4 is unnecessary as not a thing but the example for carrying out 
feedback control of A/F with the signal of an oxygen sensor 4. Moreover, although the passage which introduces the compressed a.r is 
established in the upstream of a catalyst 22 by a diagram, this is also for setting up the exhaust gas conditions for durability tests, and 
is unnecessary in the example. The example of this catalyst 22 is shown below, the catalyst in an example and the example of a 
comparison is supported by heat-resistant honeycomb support and a diameter is [ 80mm and the height of the size of the honeycomb 
support ] 95mm — it is cylindrical and the number of eels per two is 400 1cm. 
[0013] (Example 1) 

[Basic operation A] Slurry coat (support) . . _ 

The known perovskite mold multiple oxide crystal powder 10 which does not contain noble metals - the 100 weight sections (50 weight 
sections as an example). The pure-water 150 weight section is added to the known heat-resistant oxide powder 0 - 90 weight seefcons 
(50 weight sections as an example). The slurry which carried out grinding mixing for 12 hours and wh ch was obtained with the ball mill 
is slushed into the honeycomb support of the quality of cordierite. After blowing off and drying the slurry of the complementary section 
by airstream (it is 24 hours at 130 degrees C), the support which is calcinated among atmospheric a.r at 600 degrees C for 3 hours and 
by which coating of a perovskite mold multiple oxide and the heat-resistant oxide was carried out to homogeneity is obtained. 
[0014] [Basic operation B] The noble-metals salt water solution which carried out weighing capacity so that it might become the 0^ 
50 weight section by noble-metals conversion to the 100 weight sections of perovskite mold multiple oxide powder and heat-re s.stant 
oxide powder among the coating support obtained by the support approach of Pd and the dissolution basic operation A to a perovskrte 
mold multiple oxide crystal is prepared. Coating support is immersed in this water solution or its dilution water solut.on, and 
impregnation of the whole quantity of noble metals is carried out to perovskite mold multiple oxide powder and heat-res.stant ox.de 
powder and after desiccation, it calcinates in atmospheric air and considers as the sample for durability tests 
[001 5] (LaO 8Ce0.2) The honeycomb inner surface was coated with 031 00 weight section by basic operation A at homogeneity 
(FeO 6CoO 4) The amount of coats was 1 96g per honeycomb volume of 1 1. The palladium nitrate water-soliiton (with product of Tanaka 
Kikinzoku Kogyo Inc., it is 4.4 % of the weight by Pd metal) 56.8 weight section which carried out weighing capacrty so that it might 
become the 25 weight sections by Pd conversion at this based on basic operation B was melted in the aquafortis 100 weight section. 
pH of this solution was 0.2. After carrying out impregnation of the whole quantity of this solution to the above-mentioned coating 
honeycomb support, it dried at 1 30 degrees C for 24 hours, it calcinated at 600 degrees C in atmospheric a.r for 3 hours, and the 

sample of an example 1 was obtained. . .. 

[001 6] (Example 2) The honeycomb inner surface was coated with O350 weight section and O(Ce0.65Zr 0.30Y0 05) 250 weight sect.on 
by the basic operation A of an example 1 at homogeneity (Fe0.6Co0.4). (La0.8Ce0.2) The amount of coate was 178g per honeycomb 
volume of 11 On the other hand, the palladium nitrate water-solution (with product of Tanaka Kikinzoku Kogyo, Inc., it is 4.4 % of the 
weight by Pd metal) 25 weight section which carried out weighing capacity so that it might become the 1.1 weight section by Pd 
conversion based on the basic operation B of an example 1 was melted in the aqua-fortis 100 weight secton. pH of th.s solut.on was 
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0.2. After carrying out impregnation of the whole quantity of this solution to the above-mentioned coating honeycomb support, it dried 
at 130 degrees C for 24 hours, it calcinated at 600 degrees C in atmospheric air for 3 hours, and the sample of an example 2 was 
obtained. 

[0017] (Example 3) The honeycomb inner surface was coated with O350 weight section and O(Ce0.9Si0.1) 250 weight section by basic 
operation A at homogeneity, and the sample of an example 3 was obtained (FeO.56CoO.38PdO.06). (La0.9Ce0.1 ) The amount of coats 
was 155g per honeycomb volume of 11. The perovskite mold multiple oxide (La0.9Ce0.1) (FeO.56CoO.38PdO.06) 03 of this example 
incorporates the noble-metals element Pd to the crystal lattice of that B site. An example of the manufacture approach is shown 
below. 

[001 8] Metallic elements other than a noble-metals element consider as an alkoxy alcoholate, for example, are prepared as follows. 

Lanthanum ethoxy ethylate 36.6g (0.09 mols) 

La3 (OC2H40C2H5) Cerium ethoxy ethylate 4.1 g (0.01 mols) 

Ce3 (OC2H40C2H5) Iron ethoxy ethylate 18.4g (0.056 mols) 

Fe3 (OC2H40C2H5) Cobalt ethoxy ethylate 9.0g (0.038 mols) 

Co (OC2H40C2H5)2 — these metal alkoxy alcoholates were put into the round bottom flask of 500ml capacity, as an organic solvent, 
toluene 200ml was added, was agitated and dissolved, and it considered as the mixed alkoxy alcoholate solution. 
[0019] On the other hand, the noble-metals element was prepared as a water-soluble salt, and the water solution which added 100ml 
of deionized water to 12.1g (Pd part 4.4wt(s)%) (equivalent to 0.53g and 0.006 mols at Pd conversion) of palladium nitrate solutions as 
the water solution was prepared. It was gradually dropped under the room temperature into the previous mixed alkoxy alcoholate 
solution, having palladium nitrate poured [ this ] it for about 15 minutes. Brown precipitation generates promptly by dropping of a 
palladium nitrate water solution, and it becomes viscosity gradually. After agitating the solution under a room temperature for 2 hours, 
moisture and the toluene of an organic solvent were distilled off out of the system of reaction under reduced pressure, and the 
precursor of a dark-brown LaCeFeCoPd oxide was obtained. 

[0020] After moving the viscous object of this precursor to the petri dish and carrying out draught drying at 60 degrees C for 24 hours, 
among air, it heat-treated at 600 degrees C with the electric furnace for 2 hours, and dark-brown powder was obtained. The powder 
was the perovskite mold single crystal phase of O(Fe(La0.9Ce0.1)0.56Co0.38Pd0.06) 3 from the result of a powder X diffraction. 
[0021] (Example 4) The honeycomb inner surface was coated with O350 weight section and O(Ce0.8Zr0.15Ba0.05) 250 weight section 
by basic operation A at homogeneity, and the sample of an example 4 was obtained (Co0.9Pd0.06Pt0.04). (La0.8Sr0.2) The amount of 
coats was 1 61 g per honeycomb volume of 1 1. The perovskite mold multiple oxide (La0.8Sr0.2) (Co0.9Pd0.06Pt0.04) 03 of this example 
incorporates the noble-metals elements Pd and Pt to the crystal lattice of that B site, and that manufacture approach of it is the same 
as that of an example 3. 

[0022] (Example 5) The honeycomb inner surface was coated with O380 weight section and O(Zr0.8Ce0.2) 220 weight section by basic 
operation A at homogeneity, and the sample of an example 5 was obtained (Mn0.5Co0.4Pd0.05Ru0.05). (La0.2Ba0.8) The amount of 
coats was 172g per honeycomb volume of 11. The perovskite mold multiple oxide (La0.2Ba0.8) (Mn0.5Co0.4Pd0.05Ru0.05) 03 of this 
example incorporates the noble-metals elements Pd and Ru to the crystal lattice of that B site, and that manufacture approach of it is 
the same as that of an example 3. 

[0023] ((a) The example of a comparison) The catalyst which made the heat-resistant oxide powder (Ce0.8Zr0.2) 02 live together was 
used for Pt-Rh/gam ma-aluminum 203 which is the conventional catalyst for automobiles. The weight ratio of gamma-aluminum 203, 
and O (Ce0.8Zr0.2)2, Pt and Rh was 50:50:0.4:0.12. The amount of coats was 208g per honeycomb volume of 11. 
[0024] ((b) The example of a comparison) The catalyst which made the heat-resistant oxide powder (Ce0.8Zr0.2) 02 live together was 
used for Pd/gamma-aluminum 203 which is the conventional catalyst for automobiles. The weight ratio of gamma-aluminum 203, and 
O (Ce0.8Zr0.2)2 and Pd was 50:50:2.5. The amount of coats was 21 2g per honeycomb volume of 11. 

[0025] (Durability test conditions) With the carburetor specification engine shown in drawing 4 , each catalyst of an example and the 
example of a comparison was attached in the flue system whose displacement is 0.661., it adjusted so that the interior temperature of a 
catalyst might become 950 degrees C, and the durability test was performed for 50 hours. By adjusting so that it may be set to 
A/F=13.5, and introducing the compressed air into the lower stream of a river of an engine 2, the fuel flow of the carburetor 20 under 
the durability test was set up so that the exhaust gas included in a catalyst 22 might serve as theoretical air fuel ratio (A/F=14.6). 
[0026] (Assessment of the catalytic activity after a durability test) Each catalyst of an example and the example of a comparison was 
attached in the flue system of the same carburetor specification engine as a durability test The fuel flow of a carburetor 20 was 
adjusted so that it might be set to A/F=1 3.5, it attached the heat exchanger in the lower stream of a river of an engine 2, and it set it 
up so that the exhaust gas temperature included in a catalyst 22 might become 400 degrees C. When fluctuation of A/F was measured 
with the oxygen sensor 4 attached just before the catalyst 22, it was 1.5Hz in frequency in amplitude**2.0 A/F. Moreover, the capacity 
which passes a catalyst 22 was about 70000-/o'clock in space velocity (SV). The gas before and behind a catalyst is measured with an 
automobile exhaust analyzer, and the result of having asked for the rate of clarification by each catalyst is shown in a table 1. 
[0027] 
[A table 1] 



W 



I 

o 
o 




A3 

m 



<□ 
w 
si 

V 
K 
Q 



oo 

00 
CO 

CO 



o 



a 



o 
o 

« 

o 

-3 



cx> 



To 

IN 

tN 
CM 



O 

to 
a 
• 

o 

«5 



in 



00 
IN 

CM 



00 

o 



o 



CD 
» 

O 

o 
O 



csj 



CM 



O 

f 



CO 

6 
o 



CO 



~ n $ 



[0028] With the flue system which does not perform A/F feedback control like a carburetor specification engine from the result of a 
table 1 , as a result of the A/F range's of fluctuation becoming large, in the examples a and b of a comparison using the catalyst which 
supported the noble-metals element to the alumina, catalytic activity is low and cannot present practical use. In the example using the 
catalyst which supported the noble-metals element to the perovskite mold multiple oxide, or was incorporated to the crystal lattice, it 
turns out to it that an average of A/F is purifying three components of CO, THC, and NOx 60% or more in the range larger than 13-15, 
and can present practical use. 
[0029] 

[Effect of the Invention] Since three components of CO, THC, and NOx can be purified even if it does not perform A/F feedback 
control in this invention, an oxygen sensor and expensive components, such as ECU and EFI, cannot be needed, but cost can be 
lowered. Moreover, since a catalyst can be arranged directly under an engine, in order to keep a catalyst warm, an exhaust pipe is used 
as a double pipe, or a cure, such as forming a heater, also becomes unnecessary, and it comes out to aim at cost lowering also at this 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the conventional exhaust gas purge. 

[Drawing 2] It is drawing showing the clarification property of various catalysts in case A/F fluctuation is **0.5 A/F. 
[Drawing 3] It is drawing showing the clarification property of various catalysts in case A/F fluctuation is **2.0 A/F. 
[Drawing 4] It is the outline block diagram showing one example. 
[Description of Notations] 
2 Engine 

4 Oxygen Sensor 
20 Carburetor 
22 Catalyst 
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«MI£K:A4;tfXSg£4 0 0 •CCCS^bTi'JSL/fct 

*©A/FK»r&}Wfc»*s%i/ri»4. -en-en©0 
© (a) mk-cuffltz-mfomvbz^u-fzxj v 

Stt&BKkWc P d £fiM l/fcNtfll (HUM 3 ) . 

(B) ar^stKPd^uu^oHi (it«« 

b) , (C) tfT*5:TKPt£Rh*fiJ#U;fcfi£*© 
MAI (JttMHa) £RH±«tcS»U:fc©T*4. 
[000 4] H2tt&A/F-C©«**t±0 .5A/F 

©»£-?& co. THc&t/NOx©-en-ej-i©# 

ib^#6 0%tU:£fil<Sr£4A/F©&H (6 0%3 
-f>F>. # (B) . (C) ©S£*©J$*J£Kfc3q!E-r£. 
03tt£A/F-C©^Kl#±2 .0A/F©i§£ 

(B) rcf (o tc^sn*j:5«: % &«£*© 

JW*"CM«A/F"C©SaBl#± 2 .0 A/Ffc*>*# < 
&4£. CO©#ft*J&HBTU 3dta*H«HC6 0X' 
«±tWk"C**6 09<'5-f>F*«tt<tto"Cl/*9. * 
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2 

©*:&. fi£#©*§HbHgtt. 01 &C^3ft4<fc5&A/ 
F7 -f - F><» d'WBfcfrttS C iKi-st. A/F© 
S»b#±0 .5 *>OA/F3&JH2 (B) . 

(C) -Cm 3*1 4 6 0%^>f> FftK< *J:$Kt/Cl»' 
4. 

[000 5] $/c, x>i>>#>6©g|#X«x>S?>i: 
T"C«x>y>©1f-f *;Hcfc *) A/F*»** < SDft-J- 
4. ■*©*:*. fE3|M!>J:5KJIMK©tt«'C©A/FSS» 
£}Ip7t4;fctf>K:«. *>^>»lB4S©A/Fa****P 
"C * 4 <fc 5 tcj|&g«x >5> >*> 6 it < fit 0 fcftgKifcg 
l/&tf*i«fti5r, -®«:*TiP¥«n4mM'P-r-fT 
ttcftftttfelrco*. -55F. gM7xgg*M£Tf4£ 

mtffitim-rtz, m«. &a/f-c©^»*5± 

0 . 5 A/F©Jt£tCtt2 0 0 WF'ettJ&tfJWtStt 
#«t<40. SA/F"C©^8tl3!)S±2 .OA/FtCfcA 
*<&4£. 03 (B) . (C) ©£ffliJ©HJ&>e>fc*>4 

j^tc. fEX©NNFcH 3 5 0-40 0 -c^r-c-r -etc 

I«§?8tt*ii<3fc<fc4. ««*x>i?>*>6JI<llll/ 
fcftgK&g? 4 £ . x> !»* 6©Sf^X*sjji!«|(C5!| 

ai-4s-c{c^it4fcfe. i>y>^«&tit^s 

tlttl>raH*s*l;4. ^©fc*. i>i?>36»6IWI*r 

©Sf««%r«ncurfiiia"r*«©*t«*>«D6nr 
[000 6] tmt #±gfc£fi. r >;±s 

BMt*K*^*^3tffcll*»B:. CO. HC&tfN 

o x *anrr s3M&sttf*MMW§=7aw* £ oxnm 

flaWB»S*iri»* (^HB35 9-8 704 6#&*8. 
!|#PIB36 0-82 1 38#&$B. #PS¥1 - 1 6 834 
3-^^#S#M) . C©J*HttT*5*fc»£JII*JSJ»3 
#fcfi»©«ll©R»)Kffiffl3tl4fe©"C*»). C©M 
«*«Wr4»^?WI«««>iai(cw3ti4J:9«tA 

$n-ci^4. 

[0007] 

[»9I*J|WfcLJ:9£T4BW] H 1 Kw3ti4J:9ft 
A/F7^-F^9^«9P*1ftt9i. M*-fe>*. E 
CU. EF I £C*-3 ZciSffi^CpPoti^^Si b. Ztltitt 
3Xh^(C^c4. $/c. fel>^ 3 &x>y>*i6ji<lllL,fc 
{4gtCSg-T4£. x>^>^P»©Sf^X*JfcBi{cSJ^ 
-r4*tr«:»A4fcJE). #Klx>^>^iltiB#tcife|^ ; & 
*it63-a-4/c&{C«. x>y>*»6lttl*-C©»aflF* 
~»^K:b-C^ST4J:e>(ctfe»3. *n-C4>+»Ttt 
^iS^i)54li ; &Jn^T4^£'©*fm^^'S0C^4. 
B^»S^-fe>1f. ECU. EF I t^itcmffitMu* 

■C*>SWX*i^{bSn4^b^g : SrS«-r4 C £4S« 

£-r4*>©-c$ > 4. 
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[0008] 

tt. *>^>8ira©lHMs>if©«*fcJ:S2»^7 

x#&3PSft&©#*NL&4 , i&©'c. tip^xifisaw-* 
[ o o o 9 ] *»wc<effl-rsi«»t. <a 1 .,a' .) 

BO s AttLa, N dRtfP r ©5 fc©d>tt< 

A* ttCe. Mg, Ca. Sr, BaRtfY 
©55©4>ft< ifeia. BttCo, Mn. Fe. N 
i. Cr, CuSyZnnOi!>*l<it.li, 0<x 
< l t&S) r*$n^n^*^ KBtMMblll 
K. Ru. Rh. Pd. Os, I rRtfPtfr&fc*^ 
^5c*©Sfc©*Mr<i:t>l«*fiJ*Lfct>©. XI* 
•^n^x*^ haa^HWk»©B-9-^ h©*SJBWST-KJ» 
^5E**tt«i/U£t>©"C*S. C©J;^^o^ 

* -f hatt^t»©iai*tttt«ra©9ifflS««:feB 

[0010] $fflT«ffil5W!t 

^{iafli«fcWfcB9S&A.«J*»K. w&tt*Ai© 
fc/cfeK^ C e Rtf Z r . Xtt S 6K C e fiW©#±JK 
< <t fc-SbWI^BIfkWRDf/fc L/ < « 

■WMHMb«&l/"Ctt. CeO„ (CeZr) O,© 
fit (CeSi)O,. (CeZrY) 0„ (CeZr 
La)0„ (C-eZrNd)O,. (CeZrBa)O 
— «K (CeZrM) O, (MttC -e*l*<*± 

a*:. CeO,J:9t* (CeZ r) 0,*> 

(c e s i )'o 1 ©**s»atc*5W4j«bffitt*it^r 

•S^jSKMtX, H(C (CeZrY) 0 2 *> (CeZrB 

a) o,©*j&sitiaK*jtf*j«tiitt%iefrs«i*K 

ffiYCt>&0TJ:*)ff*bl>. 
[0011] 

IfBBl 02 (A) £03 (A) «. ^a^*-f h§i 

©. W^Kil«©««tStt%*l/fcfc©"C*S. A/F 
± 0 . 5 A/ F £«£© 3 6 0 K£f 
JdHtStiSeOXS-f^Ftt. H2 (B> . (OK 
mSh*f^©M«£**&*Klttttt>. A/FMHI 
#±2.0A/Ffc&*fc. #269,©ft!«£-C{*6 0%3 
^>FBJEKJE<^oTO€.*^03 (B) . (C) K 
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*Sft4«£*©llW£i»fc*tt*. *©fc*. A/F 
7 .< - frf v twmtftit r>X A/F*tWI*iM.tt < 

Tfc. 3«^t«Ktr-SCt*l-C**. A/Fg 
l>x>Jx>l:TKMJi«:ag-r6Ci*J-Ct, *>5» 

[00 12] 

lo [jotMi a4«*^* 5 Sfflsn^x>^>? : ^L/c 

*>©-?£>&. x>i»2(Ctt*t^Uf2 OtfSWfctt 
TA/FffBSSttftf^a^Sft*. x>^>2© 
gf»,PK»x>y>2©BT©(4itKftBi2 2#»tt6» 

nrir»a. H"ej3a«-fe^4*»«ai2 2©±«Ktttf 

B«H2>lMtt?^hJI©SMfX*fr* 
^f5fcS)© i &)©t , *'3. M3R-fe>*4©fi^KJ:-a 
TA/F*7^-F^» *J*fflrr*fc«t>©fc©T!tttt 
<. KatWiU-CttlMS-fe>1f-4J««-C*S. 

20 6nrc>**«. c*ifc«&w^©»#**fteR3£"i" 

2 2©W*WTKm-T. ^MftCttHaWKfcWSJlMI 

■flmtt^-#AfflttK88Sftfcfc©r*»). *© 

r»i#Affi#©lMXH:. eS*i8 0mm. lg$A*9 5 
mm©PWR"e*0. 1 c m l ^«5©-fe;Hfcl*4 0 0"C 
**. 

[0013] (HJfefll 1 ) 

30 VrtSJUft^l 0-1 0 0M8B (-M&1/C5 0BB 
US) <t, &ft©W&14IMb«&*0~9 0*Sa$ <-W 
£LT5 0fi«SR) &c*$7jcl 5 OMSiii jK-^ 

niiDn^^S^ji^, jfeJB©*5y-5fe2! 
atttCRtftl*. ft** (Wittfl 3 0-Cr2 4B#H) s 

t^dt. 6 0 0 ttc*$w» 3 utmffia L-c<ti7zm 
h s&^efttbft 4»HMtiMbft*«&-K 3 — f -f > 

[0014] CS^tftff B J P d ©SJ^ffiRtf^o 7 

40 xa^S«£HWMHSfi^©H* 

S*SfPAT^fc3-f-^>yaft©5%. -ia^X* 
hS«^BMb«»*i««lttM^fc«»*© 1 0 OS* 
SBKttUT. ft^ffll^-CO.2-5 .OSMSi&SJ: 
^Kif¥«L/fca^JlJa^?S?:fflS-r4. C©*?§MX 

K-e©ww«jRK3-f - ^^a^^ajsu-rs^is 

©^S^r^a^^*^ h S«^^b%f»^ i ffl&ttSHb 

[0015](La,.,Ce,. l )(Fe,.,Co,.,)O,l 
50 0 0M»****ttAKJ:0^xaArtfflKi$-fc3 
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-T<y9btc. 3-H»A^*Agil 'J v O0fflWK«*bfc. C©i&£©pHttO . 

4 . 4 BBX) 5 6.8 SSatteffffiRK 1 0 0 M»g|5(C?§ *»fc. 

frbtc. C©S*©pHtt0.2"C*r>fc. C<DtefflO [0017] (i!W3) (La,. ! Ce,. 1 )(Fe,. )l 

£B*JJB©3— >^^*Aa*fc«13*te C o. ...P d. ...)0, 5 OMSSSicC e. Si,.,)0 

1 3 0'C-C2 4l$lfflia8U **W"-C6 00-C-C3 , 5 OfiS^£S:$&ftAK:J:^-#Artffifc^-te 

[0016] (HJSW2) (La..,Ce.. J )(Fe...C 10 «;n-#AS®1 V s> h*^») 1 5 5 g-C*ofc. C© 

o„ .,)0, 5 OMSBiCC e. .„Zr„.,.Y t ., ! )0, 5 J»W©^a^*-f hS*£BMH!lCLa. .,C e, 

0MfiP*ll»«l©at«M¥A«:J:5^i*ArtB«: (Fe,. 15 Co,. J .Pd,.„)0 ) «. -t©BiM h©*£ 

JS-Kn-fw >*Lfc. *-h*St»-*J*JB9llV jy&Wft£IS^Pd£Sl9ji^£&©r;&S„ -£© 

? h*^9 1 7 8gT*ofc. cntcftu safety 1© ^^©-w^c^-r. 

«WEBCC»-3t P d&irc l . lll»ift4J:5 [0018] INfeHl7c3Retn©iJl7C««T;U=»*5/T 

^©Kfi-C. P d £Mft 4 . 4 M% ) 2 5 SSSP£ * 

7>$>lh*->i?'l'-h 3 6.6g (0.09^) 

La^C.H.OCH,), 

ij'^Aih + ^fP-h 4.U (0.0 1**) 

CetOC.H.OC.H,)! 

h+i/i^U- h 1 8.4b (0.0 56**) 

Fe(OC,H 4 OC l H 5 ) a 

a;^hlbti/lfU- h 9 .0 g (0 .0 3 8**) 

Co(OC l H 4 OC J H 5 ) J 

Ctl^©^IST*3+i/T*37-h*5 0 0m IS* - hStt^-fcASS 1 U •» h*^ 1 ) 1 6 1 g-C&o 

©A^5X3(CAtl. Wm^iLTh*i>2 0 0 fc. C©^J6W©^a^*^ h8HI#BMM&CL a„ ., 

m 1 ZmZ.rm.nb. «MS-ttTfi£T*=>^>7*=» Sr..,XCo...Pd...iPt..„)0,tt. *©B1M 

h ©feg&^ft&llTcii P diPt 41X0 ii^cfe© 

[oo 1 9] — n^M7iMuym^<omtbxmM 30 ^<omM^m^M^tnwvhi>. 

U %Oimfotbxm&rtvV>'5l.m&. (Pd#4. [0022] (I1JS095) (La,.,Ba 0 .,)(Mn t .,C 

4wt%) 12. lg (Pd&#?0 .5 3 g, 0.00 0,.,Pd 0 ..iRu o .,,)O,8 01iJt6R<b(Z r „ ., C 

6**K*B^) KK-f*>*l 0 0m 1 tJnitfc*** e,.,)O,2 0*«»***^AtCj:9^-#ArtlI 

«MKl/fc. C ©188^5 i^A*^*^©*!^* fcifrHca— >^L/-C^HS50!l5©if>7'* ; S:»/c„ 

3^ixT*3 7-b^v€4>CCSaT-C*5jl 5#ffflM}T 3- hS«^-#Ag8?l U » h*3>) 1 7 2 gT*o 

%{C»&©a*#£l«U ^dUKttHiO:*. *©&& Ba 1 .,)(Mn,.,Co,.,Pd, : , ! Ru,.„)0 ) (t * 

*MTr 2IMB«ffl/te«. aET"C*^tWStS« ©Btf-f h©tt«&*Kj*jfe)lbc*P d iRu£JRD& 

©h;bi><b£J^FJ1-K:g*U lUfeOLaCeF A,*:*>©"C*»). *©IUt*ffittWW«3 iHMTC* 

eCoPd^{b^©f)ll#^ffc 0 40 &. 

[0020] C©«rK(*©»5W»*S/ *- Ufcif£U 6 [002 3] UbfSflla ) {^©itWWjttJfcT?** P 

0 'Ct? 2 4 B#F£»JiH£$b?d£. 60 t-Rh/r-Al.O, tCttflM£8Mt«t&$ (C e , .. 

o^r2Ria«WMbrii»a©»5i5*»te. zr.jo.^^/citi^Uc. t-ai,o 

B»*X«@tf©IS«3&»6. (La,.,Ce,.,)(Fe,. ,> (C e . .. Z r . .,)0, . P tRtfRh©Stt£tt5 

56 Coo. s .Pd...,)0 1 ©'<a^*>fh^-ig H B B ffl 0 : 50 : 0.4 : 0.12T*^c a- h»tt^-# 

■C* -*fc. ASS 1 V » h **§9 2 0 8 g -CWc. 

[002 1 ] (H»«4) CLa...Sr..,KCo...P [0024] (lt«Wb-) fi»©a«l*ffltt»C**P 

d t . tl Pt...OO,50M»iCCe...Zr..„Ba d/r-A 1 ,0,fc»ftttl«fc*»* (Ce...Z 

,.,,)O,5 0M»*«*»(¥AKJ:«3^-*ArtlIK r. .,)O,*^Stt*J4«*«ffl0fc. T-Al 

JHta- >*0T|l8fcW4©tf>:/**f»fc. 3 50 ,O s> <Ce,.,Zr..,)O,RtfPd©Mifctt5 0 : 
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5 0:2 ..5T?*-5fc. 3- 1 V ? 

hJUSO 2 1 2 gtft-jfc. 

[0 0 2 5] (WXKIWfefr) H4K*3nfc1rt^U 
j»tt«*>^>"C, SFf*#0 .6 6 U 9 h*©»»5/ 

MMAflHUX#>9 5 0'CKQe«J:9KniU. 5 0 BUB 

©$.f4i&»iA/F = 1 3 .5&ttS<fc5tcafiU x 

mz 2icAz>mj3*tfiim2Mtb (a/f = i 4 .e> 10 

[0026] (W^K^©W«ffitt©Sffi) WAIflii 
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2 0©$&ifctt«A/F = 1 3 .5itt*J:5tCiK 
U x>S»2©T»WI!lja«*BlD-5W. ft4&2 2 
KASSW*ilft#4 0 0^tfc*J:SKlStel/te. M 
«2 2©itiIK:K , 3'5Wfc^-fe>lJ-4-CA/F^ftl 
*ffljeLfc£C5. JR«±2.0A/Ft\ MUR1.5 

Jig (sv) ri^7 o oo o/B#-c&->fc„ wSfr^© 

[0027] 
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[0029] 

!fttbtt<"C4CO. THCRtfN0x©3fifc»*iWb 
T*Ci*fr**©"C. BBR-b>-9-.'ECU. EFIt 



(7) 
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[02] A/F^KJ3&5±0 .5A/F-C$>S«^©§a 
[03] A/F33tl#±2 .0A/Ft?&6t§£©§« 

[04] -jatw%*-rwa»fija9"c**. 
[si] 
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Perovskite-Pd 950ST Aged 
±0.5A/F Perturbation 
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Perovskite-Pd 950ST Aged 
±2.0A/F Perturbation 
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